This letter reports cavity dumping of an electrostatic-accelerator-driven free-electron laser (FEL) while it is injection-locked to a frequency-stabilized 240 GHz solid-state source. Cavity dumping enhances the FEL output power by a factor of ∼8, and abruptly cuts off the end of the FEL pulse. The cavity-dumped, injection-locked FEL output is used in a 240 GHz pulsed electron spin resonance (ESR) experiment.
1 High-power pulsed electron spin resonance (ESR) is an emerging technique to investigate fast dynamics of biological molecules 1 . At present, most high-power pulsed ESR spectrometers operate near the X-band frequency of 9.5 GHz with kilowatt-level power and ∼ 100 nanosecond time resolution. A trend in the evolution of next generation pulsed ESR is for higher magnetic fields and frequencies for both finer spectral and time resolution. Because the linewidth of ESRs tends to be extremely narrow, the source radiation must have a correspondingly narrow bandwidth and stable frequency. High-power pulsed ESR, using few-ns pulses to rapidly manipulate spins for spin-echo and related experiments, has been demonstrated at 95 GHz at Cornell using a kW-power klystron-based source 2 . Another klystron based-pulsed ESR system has been built at St. Andrews, UK 3 .
A bottleneck for a higher-frequency pulsed ESR spectrometer is a scarcity of sources with high power and narrow bandwidth. Commercially-available klystron-amplifiers operating be- is being used to develop a FEL-driven pulsed ESR spectrometer.
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In this article, we demonstrate the operation of a cavity dump coupler (CDC) in combination with injection-locking of the UCSB MM-FEL. This is a key achievement for FELpowered pulsed ESR. The CDC does two important things. First it increases peak power to to above 1 KW levels, and second it abruptly switches that power off. The latter is critical in improving the signal-to-noise ratio of the pulsed ESR spectrometer. technique was first demonstrated with polycrystalline germanium and later silicon 8, 9 . In addition, the technique is regularly used for a fast pulse slicer switch of THz waves in the UCSB users lab 10, 11 .
As shown in Fig. 1(a) , the MM-FEL CDC system has a capability to change the angle of the Si plate with respect to the incident FEL radiation away from Brewster's angle. This provides variable coupling to maximize the FEL output power in normal operation (i.e.
without cavity dumping). The thickness of the Si plate was carefully chosen as 495 um in order to provide adequate coupling as a function of angle as shown in Fig. 1(b) . In use, the Si angle is remotely controlled by a stepper motor which rotates a center shaft connected to the Si plate and flat mirror to maintain constant angle and position of the output beam. In the FEL output port, we employ a quartz window whose thickness is optimized at 240 GHz for minimal reflection.
We employ a frequency-doubled Nd:YAG laser (Big Sky Laser CFR200 the FEL output trace is drastically different, as shown in Fig. 2(b) . The FEL radiation rises at the time= −3 µs point, and the CDC drive laser is triggered later at time=0. In this case, the measured peak power of the CDC FEL is 1.5 kW which is approximately 8 times more than the normal FEL power. As shown in the inset of Fig. 2(b) , the radiation lasts ∼40 ns Details of this experiment will be presented elsewhere.
which corresponds to the L=6.5m length of the FEL cavity (t = c/2L, where c = speed of light). The rise and fall times of the CDC FEL pulse corresponds to the switching time of the Si plate. In the present case, we found the duration of the both rising and falling edge to be ∼10 ns, which is similar to the FWHM of the excitation laser pulse. As explained later, this short decay time is very important to reduce background noise after the pulse.
The spectrum of the CDC FEL radiation was measured by a heterodyne spectrometer 7 .
As shown in Fig. 2(c) , the CDC pulse spectrum remains single mode as enforced by the injection-locking system. The observed spectral line-width is ∼ 22 MHz, consistent with the Fourier transform limit.
A FEL-powered pulsed ESR spectrometer is currently being developed with the injectionlocked UCSB FEL. The system includes a new pulse slicer optimized at 240 GHz, a homebuilt detector, and protection for the detection system. Details of this setup will be presented elsewhere. As a novel application of the CDC FEL in pulsed ESR, Fig. 3 shows the first spin echo signal taken by the FEL-powered pulsed ESR spectrometer. In the case of FELpowered pulsed ESR, the frequency of the applied pulses and detected signals is the same, therefore isolation of the applied pulses is very critical. However, because the detected ESR 6 signals are often less than nano-watts, while the excitation pulses are hundreds of watts, the isolation of the signal from the excitation pulse is extremely difficult. Fig. 3(a) shows a spin echo taken without cavity dumping normal FEL. Two Excitation pulses (π/2 and π) were applied before time=50 ns and the detection system was switched ON at 100 ns.
After time=100 ns, as shown in Fig. 3(a) , spin echo signals are hidden and distorted by a large background and noise due to imperfect pulse slicing in the pulse slicer. This issue can be solved using the CDC FEL. Because the CDC shuts off the FEL radiation quickly and completely, background and noise after the CDC FEL pulse are extremely small. Fig. 3(b) shows spin echo measurement with the CDC FEL, where timing of the spin echo is set at 
